Abstract: The abundance of plants with extrafloral nectaries was determined for a series of temperate habitats in Nebraska. Mean cover of plants with extrafloral nectaries was 1.3% in riparian forest understory, 1.8% in virgin deciduous forest understory, 0.0% in tall-grass prairie, and 8.3% in sandhill prairie. Sandhills prairie contained distinct communities with different mean cover of plants with extrafloral nectaries and showed seasonal changes in nectary activity. Cover of plants with extrafloral nectaries was compared to ant abundance, plant species diversity, rainfall and frost-free season: the first two showed highly significant correlations with mean cover of extrafloral nectaries.
Introduction
Extrafloral nectaries (EFNs) are nectar-secreting glands found in a plant outside the flower. Generally, many nectar-feeding insects, especially ants, wasps, flies and beetles, are attracted to EFNs (e.g., Keeler, 1978) .
Available studies have shown EFN visitors to provide protection to the plant from damage, including flowerrobbing (Elias and Gelband, 1975; Keeler, 1977) , seed loss (Bentley, 1977b; Deuth, 1977; Inouye and Taylor, 1979; Keeler, 1980; Pickett and Clark, 1979) and leaf damage (Keeler, 1977; Tilman, 1978) . Bentley (1977a) reviewed the literature regarding protection of plants by EFNs. Little is known about the distribution and abundance of plants with EFNs. Bentley (1976) reported the frequency of plants with EFNs ranged from 0.1 to 0.8 in riparian forest and tropical dry forest sites in Guanacaste, Costa Rica, . In Jamaica, Keeler (1979a) found the frequency of plants with EFNs to be 0,28 at sea level and 0.00 at 1310 m. Gilbert (quoted in Orians, 1974) and Bentley (1977a) have suggested that EFN-bearing plants are proportionately more common in tropical than temperate regions. This view is supported by Keeler (1979b) who found 3% of the species in the flora of Nebraska had EFNs. This paper reports the first data on the abundance of plants with EFNs in temperate habitats and considers possible causes of this distribution.
Methods and Sites All study sites were located in Nebraska, [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] [103] [104] [40] [41] [42] [43] ? N. The climate is strongly continental, with annual temperatures frequently ranging from 40 C to -34 C. Rainfall is low: from 35 cm/year in the W to 100 cm/year in the SE. Most of the area was originally prairie, with a small amount of forest along rivers in the E and in the hills of the northwestern part of the state.
Study sites used were at five locations : ( 1 ) Fontenelle Forest, Douglas Co., elevation 350 m; a stand of virgin temperate deciduous forest (oak/hickory) on the blufTs along the Missouri River was studied in this privately owned park. (2) Relier Natural History Study Area, Lancaster Co., elevation 380 m; this area is ca. 30 acres of riparian ash and walnut forest close to Lincoln, Nebraska, owned by the University of Nebraska.
(3) Twin Lakes Prairie, Seward Co., 425 m; this is a tall-grass prairie remnant in eastern Nebraska owned by the Nebraska Game and Parks Commission. (4) Madigan Prairie, Saunders Co., 425 m; this is a remnant tall-grass prairie (ca. 20 acres) in eastern Nebraska, managed by the University of Nebraska; both tall-grass prairies are dominated by Andropogon gerardii, A> scoparius and proportions of plants with and without EFNs, factoring out the bare ground was necessary. Subsequently, a point-intercept method was adopted, recording plants nearest to randomly chosen points on a transect, thereby eliminating problems with the bare-ground cover class. In the percent cover analysis, plants of 300 quadrats (30 m2) were assigned abundances (Daubenmire, 1959) and identified. By the point-intercept method, 8199 points were chosen and the nearest plant recorded.
Individual plants encountered were identified and the number with EFNs was determined: (1) by observing nectar-feeding insect activity on the plants and subsequently locating the nectary, and (2) from published lists of species with EFNs (e.g., Zimmermann, 1932; Bentley, 1977a; Keeler, 1979b) . A list of Nebraska plants with EFNs is found in Keeler (1979b) .
A functional definition of EFN was used: a nectary was considered present if nectar was secreted, whether or not a specialized structure was present (see, e.g., Tilman, 1978) . Nectaries that are structurally outside the flower but which function in pollination were excluded (e.g., nectaries of the inflorescence of Asclepias syriaca and Euphorbia marginata).
Ant abundance at each site was monitored with baiting studies. Small amounts (ca. 1 cm3) of tuna fish and corn syrup were placed on 2 cm2 pieces of plastic every 2 m along the transects. Ant visitors were recorded after 15, 30, 60, 120 and 180 min. Air temperatures were noted.
Baiting was carried out at the same time as transect analysis at all sites except the sandhills prairie. In the sandhills sites, the vegetation analysis data were collected 3-4 September 1977, and the ant baiting was done 30 June 1978. The ant data is relevant to the plant data because the same segment of the flora is active during this period and because EFNs secreting when the ant baiting was carried out (specifically, the ephemeral EFNs of Yucca glauca) were included. Since the plants are sparse (absolute cover only reaches 70-80% at the end of the growing season), there is probably little change in relative cover as the warm season flora matures.
Climatic data were taken from Lawson et al. (1977) .
Species diversity was calculated using Shannon's index (H') (Lloyd et al., 1968) . Actual transect data from each site were used in the calculations.
Distribution of Plants with Extrafloral Nectaries
Tall-grass prairie had the smallest percent cover with EFNs (0.0%) ( The sandhills prairie was not uniform, as suggested by the broad 95% confidence interval. Because of this, the three major habitats of the prairie (A. T. Harrison, pers. comm.) were compared for cover by plants with EFNs ( Table 2 ). The three habitats correspond roughly to dune tops, hillsides and valley bottoms, dominated by (a) Calamovilfa longifolia, Koeleria cristata and Andropogon hallii; (b) C. longifolia and Stipa cornata, and (c) S. cornata and Bouteloua hirsuta, respectively. Sampling was carried out in spring (May) and late summer (early September).
The numbers given are the coverage of plants with functional EFNs at that season.
The values cited for habitats are the results of transects made of several hundred to over 1000 points. In small areas, all individuals have EFNs, for example, in patches of Yucca glauca or Helianthus grosseserratus or thickets of Prunus americana.
Regional averages must therefore be treated with care and may not reflect the significant aspects of community organization.
Tall-grass prairie does not actually lack species with EFNs even though none were encountered in the vegetation analysis of 2624 points. There are at least 13 species characteristic of tall-grass prairie with EFNs [(e.g., Cassia fasciculata (Fabaceae), Helianthus grosseserratus (Asteraceae)] (Keeler, 1979b) . All the other habitats also had species with EFNs that were present but not encountered in the vegetation analysis. Clearly, species with EFNs are relatively rare. However, other species (without EFNs)
were present but not encountered in the survey. Therefore, probably the important fact is that common plants in Nebraska ecosystems lack EFNs. The view of Gilbert (in Orians, 1974) and Bentley (1977a) that plants with EFNs are more common in tropical than temperate regions appears to hold. Bentley (1976) and Keeler (1979a) reported values for tropical sites ranging from 0.0-0.8, most of which are higher than the highest value reported here (14.2%).
The seasonal differences in nectary activity are intriguing. Mainly, seasonality results from ephemeral nectaries: either foliar EFNs which only function briefly, or EFNs associated with a distinct flowering season. With the possible exception of Prunus spp., transitory nectaries were not seen in forest understory transects. Some tall-grass prairie species with EFNs show seasonal nectary function (e.g., Cassia fasciculata), but none of these were encountered in the transects, so their importance cannot be evaluated.
It would be interesting to know if seasonality of EFNs is widespread in temperate environments. Certainly distinct seasonality is suggested for the EFNs of Prunus ser?tina (Tilman, 1978) and Helianthella quinquenervis (Inouye and Taylor, 1979) . The other temperate species studied in the literature, Campsis radicans (Elias and Gelband, 1975) , has a series of EFNs which probably maintain nectar production throughout the growing season.
Causes of the Distribution of Extrafloral Nectaries
Very little is known about the causes of the distribution of EFNs. Bentley (1977a) argues that EFNs, in general, function in an ant-plant mutualism. Therefore, the distribution of EFNs should be related to the distribution of ants. Most studies support ant-plant mutualism (Elias and Gelband, 1975; Bentley, 1976 Bentley, , 1977b Keeler, 1977 Keeler, , 1980 Deuth, 1977; Tilman, 1978; Inouye and Taylor, 1979; Pickett and Clark, 1979) .
However, that all EFNs are part of a mutualism with ants is a major extrapolation from a few cases.
An alternative function of EFNs might be to adapt the plant to the physical environment. Consequently, EFN distribution should correlate with climate. A third alternative is that EFN function is not related to the plant's ecology. That is, EFNs show no simple pattern within a region, as in the case, for example, with the number of petals per flower or alternate vs. opposite leaves. In this case there would be no correlation of the trait with either biotic or abiotic components of the environment.
These alternatives are complex and may not be mutually exclusive. However, in an attempt to evaluate their importance, cover of EFNs in Nebraska was compared to a series of variables: (A) ant abundance; (B) climate, and (C) plant species diversity.
(A) Ant abundance.?The distribution of EFNs as an ant-plant mutualism should be related to ant abundance.
Ant abundance at the sites was monitored by baiting, and the data scored as: (1) percent baits found after 60 min; (2) percent baits found after 180 min; (3) mean peak number of ants per pair of baits, and (4) mean number of ant species per bait. All ?of these values correlated positively with frequency of EFNs, the correlations being, respectively, (1), 0.263,, (2) 0.334, (3) 0.649, and (4) 0.805. The most highly correlated value, mean number of ant species attracted, was used in stepwise multiple regression with other possible causes (Tables 3 and 4 ).
An estimate of "herbivore load" against which the plants might be defending themselves would have been useful, but no data were collected on that topic.
(B) Climate.?All study sites were in a strongly temperate climate with wide temperature extremes. Sites differed in length of growing season (frost-free season, Table 3 ) ranging from 185 frost-free days per year in the deciduous forest sites to (Lawson et al., 1977) . Sites also differed in rainfall, decreasing from 80 cm/year (30-year average) in deciduous forest to 42 cm/year in sandhills prairie (Table 3 ). The importance of these variables to the distribution of EFNs was evaluated using stepwise multiple regression (Table 4) .
(C) Other.?Nonecological causes of the distribution of EFNs (e.g., taxonomic affinities, history) might produce a uniform distribution of EFNs across the study areas, and/or no detectable correlation with biotic or climatic variables. The abundance of EFNs might also vary predictably between habitats because of variation in plant species in the habitat, while having nothing to do with the adaptive value of EFNs. This was evaluated by comparing EFNs to H' values for each of the transects (Tables 3 and 4) . Eighty percent of the variance in cover of EFNs (Table 4) is explained by ant response to baits (F = 14.771, 0.01 > ? > 0.005), 11% by plant species diversity at the sites (F = 6.786, 0.005 > ? > 0.025), 1% by frost-free season and less than 1% by rainfall (F = 0.094 and 0.081, respectively, not significant). These data strongly support the relationship with ant abundance. Although correlation cannot establish causation and the most important variable may not have been included in the analysis, there is, nevertheless, a striking, highly significant relationship between the abundance of ants and the cover of EFNs. This is consistent with all the work claiming EFNs are part of an ant-plant mutualism.
No relationship with climatic differences was seen. There is also no relationship between EFN-cover and habitat type: grassland communities have the highest and lowest percent EFN cover, with forest understory intermediate. It is improbable that the distribution of EFNs in Nebraska is due to differential advantages of the trait under different climatic conditions. Macroclimatic differences may be more important on a global scale, but more work is needed. The significant relationship with species diversity is problematic. The correlation between H' and percent cover of plants with EFNs is positive, r = 0.514. The biological meaning of the observation that more of the relatively rare species are likely to have EFNs in a more diverse community is not obvious. Perhaps this implies some subtlety of community organization.
It is not clear what the correlation between ants and EFNs means. Plants with EFNs which evolved or immigrated in response to a particular ant density might provide an additional food resource for ants, allowing increase in ant density, which would allow selection or immigration of additional plants with EFNs, etc. This should continue to some limit, when nectar and its micronutrients no longer limit ant density but some other factor comes into play. The question may hinge on the ant carrying capacity of different areas. Ant abundance must ultimately be related to the abundance of competing taxa (e.g., Brown and Davidson, 1977) and the type and number of nest sites available, as well as food availability. There is not a great deal known about the abundance of ants in different areas (Pisarski, 1978) , let alone its regulation. Plants using EFNs for antiherbivore defense must fit into their respective community's array of plant defenses. Thus, they are subject to considerations of optimal foraging strategy by herbivores (Cates and Orians, 1975; Feeny, 1976; Rhoades and Cates, 1976 ). An ant guard attracted to EFNs would seem a relatively economical and general antiherbivore defense. However, as a defense, ants are less reliable than secondary chemicals or morphological defenses since they are not always present. Ants are more effective against small, soft-bodied insects than against large, hardbodied ones. In general, they are ineffective against vertebrates. Perhaps the effectiveness of the protection and the types of herbivores in the community, as well as carrying capacity of ants, affect the percent cover by plants with EFNs. More information on distribution of plants with EFNs, ants and herbivores will be needed to evaluate these ideas.
